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Selection criteria:	 Selected	 studies	 compared	 Doppler	 and	 Pinard	 stethoscope	 for	
detecting/monitoring	intrapartum	FHR,	or	described	provider	and	maternal	preferences	
for	FHR	monitoring	in	LMIC	settings.
Data collection and analysis:	Two	team	members	independently	screened	and	collected	
data.	Risk	of	bias	was	assessed	by	Cochrane	EPOC	criteria.
Results:	 Eleven	 studies	 from	eight	 countries	were	 included.	Doppler	was	 superior	 at	











Worldwide,	 an	 estimated	 2	 million	 early	 neonatal	 deaths	 occur	 in	
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Interruption	 of	 placental	 blood	 flow	 during	 labor	 can	 result	 in	
fetal	heart	rate	(FHR)	acceleration,	deceleration,	bradycardia	(<120	
beats	per	minute)	and/or	tachycardia	(>160	bpm).	Such	FHR	abnor-
malities	 have	 been	 associated	with	 low	Apgar	 score,	 intrapartum	
stillbirth,	and	neonatal	death.5,6	Early	detection	of	FHR	abnormal-
ities,	 linked	 to	timely	 and	 appropriate	obstetric	 case	management	
practices,	can	potentially	reduce	adverse	perinatal	outcomes.
A	 2017	 Cochrane	 review	 found	 that	 continuous	 monitoring	
of	 FHR	 by	 using	 cardiotocography—the	 standard	 of	 care	 in	 high-	
income	 countries—was	 associated	 with	 increased	 numbers	 of	
cesarean	and	assisted	deliveries,	without	a	corresponding	decrease	
in	adverse	newborn	outcomes.7	This	may	have	contributed	 to	 the	
WHO's	 recommendation	 to	 use	 intermittent	 FHR	 monitoring.8,9 





ited	 to	 the	diagnosis	 of	 fetal	 heart	 abnormalities.	The	 importance	
of	 an	 indicator	 that	 can	 be	 used	 to	 track	 intrapartum	 deaths	 in	
health	facilities	was	noted	in	a	call	to	action	in	the	Lancet	in	2007.10 
Subsequent	 studies	 have	 used	Doppler	 to	 confirm	 timing	 of	 fetal	






scope	 causes	 discomfort.11,12	 To	 our	 knowledge,	 maternal	 prefer-
ences	for	the	method	of	FHR	monitoring	in	the	LMIC	health	facility	
setting	have	not	been	systematically	described.
The	 aim	 of	 the	 present	 systematic	 review	 was,	 therefore,	 to	
determine	 (1)	 whether	 Doppler	 for	 intrapartum	 FHR	 monitoring	
is	 associated	 with	 a	 decrease	 in	 adverse	 perinatal	 outcomes;	 (2)	




2  | MATERIALS AND METHODS
2.1 | Search strategy and search terms
The	 review	 was	 registered	 with	 PROSPERO	 (reference	
CRD42019121924)	and	followed	guidelines	detailed	in	the	PRISMA	
(Preferred	 Reporting	 Items	 for	 Systematic	 Reviews	 and	 Meta-	
Analyses)	statement.13	The	following	databases	were	searched	from	









Records	 retrieved	 through	 the	 searches	 were	 imported	 into	
Covidence	 systematic	 review	 software	 (Veritas	 Health	 Innovation,	




For	 inclusion,	 the	 studies	 must	 have	 been	 conducted	 in	 a	 LMIC,	
assessed	an	intervention	that	included	Doppler	in	the	intrapartum	
(not	pregnancy)	period,	have	been	conducted	in	a	health	facility	or	
with	 health	 facility	 staff,	 have	 tested	 use	 of	 Doppler	 to	 improve	
the	detection	of	FHR	abnormalities	to	inform	intrapartum	interven-
tions,	address	maternal	or	healthcare	provider	preference	for	tools	




2.3 | Data collection and analysis
Titles	 and	 abstracts	were	 screened	 on	 the	 basis	 of	 the	 inclusion	 and	
exclusion	criteria.	At	this	stage,	the	abstract	was	perused	to	assess	fit	to	
the	given	criteria.	Studies	were	selected	for	inclusion	by	two	researchers	 
(MP,	 BK),	 working	 independently.	 Disagreements	 between	 the	 two	
authors	were	resolved	by	discussion	and	review	by	a	third	researcher	(SW).










3.1 | Search results and included studies
The	 initial	 search	 yielded	 1464	 records.	 After	 de-	duplication,	 1463	
articles	 remained.	 Of	 these,	 1446	 articles	 did	 not	 meet	 the	 inclu-
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of	perinatal	mortality,	and	three	studies	assessed	maternal	or	health-
care	provider	preferences	for	method	of	intrapartum	FHR	monitoring.
3.2 | FHR abnormalities and adverse 
perinatal outcomes
Six	 studies	 addressed	 the	 effectiveness	 of	Doppler	 versus	 Pinard	
stethoscope	 for	 the	 detection	 of	 abnormal	 FHR	 during	 intermit-
tent	 or	 continuous	 FHR	 monitoring	 in	 the	 intrapartum	 period	
(Table	 1).15–20	 All	 six	 studies	 had	 secondary	 outcome	 measures	
of	 adverse	 perinatal	 outcomes.	 Two	 compared	 continuous	 fetal	
monitoring	using	a	Doppler	with	intermittent	monitoring	using	the	
Pinard	stethoscope.	Types	of	Doppler	used	in	the	studies	included	
the	 PowerFree	 Education	 Technology	 Wind-	up	 Fetal	 Doppler,16 
Freeplay	 (wind-	up)	 Doppler,17	 Moyo	 strap-	on	 Doppler	 using	
the	 continuous	 or	 intermittent	 monitoring	 function,18,19	 and	 the	
Huntleigh	pocket	Doppler.15
3.2.1 | Findings on detection of abnormal FHR
All	 but	 one	 study17	 showed	 that	 Doppler	 significantly	 increased	 the	
detection	of	abnormal	FHR	 relative	 to	Pinard	 (Table	1),	whether	with	
continuous	 monitoring	 (adjusted	 odds	 ratio	 [AOR],	 6.90;	 95%	 confi-










































1 Doppler not used





Studies included in 
qualitative synthesis
(n=11)
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TABLE  1 Studies	on	the	effectiveness	of	FHR	monitoring	by	Doppler	to	reduce	perinatal	mortality.
Ref. (year) Country Study objective Study design Study population
Clinical management 
differences
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3.2.2 | Findings on adverse perinatal outcomes









Doppler	arm	as	compared	with	2%–3%	 in	 the	 two	Pinard	arms.	No	








considered.	 In	 the	other	 four	 studies,	no	difference	 in	adverse	peri-
natal	outcomes	was	seen	between	Doppler	and	Pinard	fetoscope	for	
FHR	monitoring	(Table	1).15–17,19
3.2.3 | Findings on clinical management associated 
with abnormal FHR
Multiple	 studies	 looked	 at	 intrapartum	 clinical	 management	 proce-
dures	that	would	be	expected	to	increase	after	detection	of	abnormal	
FHR	and	might	be	associated	with	a	reduction	in	perinatal	mortality.	




of	Doppler.	 In	a	 randomized	controlled	 trial	 (RCT)	 in	Zimbabwe,	 the	
relative	risk	of	cesarean	after	Doppler	monitoring	as	compared	with	
routine	 monitoring	 with	 Pinard	 was	 1.6	 (95%	 CI,	 1.2–2.0).15	 In	 an	
observational	study	in	Tanzania,	cesarean	rates	were	5.4%	for	women	









In	 Tanzania,	 two	 RCTs	 of	 intermittent	 monitoring	 with	 Doppler	
versus	 intermittent	monitoring	with	Pinard	did	not	find	a	difference	
in	time	 from	abnormal	 FHR	detection	 to	delivery	between	 the	 two	
arms.17,18	 In	 Zimbabwe,	 there	 was	 no	 difference	 in	 mean	 duration	
of	 labor	 among	 the	 four	 study	groups.15	The	observational	 study	 in	





3.2.4 | Risk of bias and quality of evidence
For	 the	 six	 studies,	 risk	 of	 bias	 and	 quality	 of	 evidence	 were	
assessed	by	Cochrane	EPOC	criteria.14	The	most	pervasive	 risk	 in	
all	of	 the	RCTs	was	 the	 lack	of	blinding	 regarding	 the	device	 that	
the	participants	 and	 study	 staff	used	 (Table	2).	Generation	of	 the	
randomization	 sequence	 was	 unclear	 or	 undescribed	 in	 all	 stud-
ies	except	 for	an	RCT	at	Muhimbili	Hospital	 in	Tanzania,	where	a	
Ref. (year) Country Study objective Study design Study population
Clinical management 
differences
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computer-	generated	 sequence	 was	 created	 by	 an	 independent	
researcher.18	All	 studies	had	 low	risk	of	 incomplete	outcome	data	
reporting	and	were	free	of	selective	reporting	(all	stated	outcomes	
were	reported).



























3.4 | Healthcare provider and maternal preferences 
for Doppler versus Pinard stethoscope
Three	studies	examined	maternal	or	healthcare	provider	preferences	
for	Pinard	fetoscope	as	compared	with	Doppler	for	intrapartum	FHR	
monitoring11,23,24	 (Table	4).	 In	a	South	African	 study	 that	 compared	
maternal	preferences	for	Doppler,	Pinard,	and	cardiotocography,	74%	
of	women	reported	Doppler	as	their	first	choice.23
In	 a	 qualitative	 assessment	 of	 women	 who	 were	 continuously	
monitored	with	a	strap-	on	Doppler	device	 in	Tanzania,	women	were	
reassured	 by	 the	 sound	 of	 the	 heartbeat	 and	 felt	 that	 the	Doppler	
made	healthcare	providers	more	attentive.11	The	authors	concluded	




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































on	 random	 assignment	 rather	 than	 on	 provider	 preference.11	 The	
South	 African	 study,	 which	 compared	 maternal	 preferences	 among	







The	 qualitative	 study	 from	Tanzania,	which	 assessed	women's	
perceptions	 on	Doppler	 for	 continuous	monitoring	 of	 FHR	during	
labor,	 reflected	views	 from	women	who	 attended	 services	 at	 one	
facility	 and	 included	 only	 women	 who	 had	 healthy	 newborns.11 
Interviews	 were	 conducted	 before	 discharge	 from	 the	 facility,	















from	 last	 fetal	 heart	 assessment	 to	 fetal	 death	 or	 delivery	 being	
210	 minutes.28	 These	 persistent	 gaps	 in	 quality	 of	 intrapartum	
FHR	monitoring	 have	 consequences	 for	 the	 survival	 of	 neonates,	
and	new	means	to	close	them	are	needed.	To	this	end,	the	present	
study	 has	 reviewed	 the	ways	 in	which	Doppler	 has	 been	 used	 in	




4.1 | Doppler and perinatal mortality
Except	 in	 one	 instance,19	 none	 of	 the	 reviewed	 studies	 reported	




for	 FHR	 monitoring,15–18,20	 although	 the	 detection	 of	 abnormal	
FHR	 increased,	 proxy	 measures	 of	 clinical	 management	 follow-
ing	 this	 event	 (cesarean	 delivery,	 shortened	 time	 to	 delivery)	 did	
not	 increase.	The	 implication	of	this	finding	 is	 that	 introduction	of	
Doppler	to	 improve	early	detection	of	 intrapartum	FHR	abnormal-
ities	 needs	 stronger	 support	 for	 the	 stages	 that	 follow	 detection	
of	the	abnormality.	This	may	include	job	aids,	such	as	the	decision	
trees	developed	by	 the	UK	National	 Institute	 for	Health	and	Care	
Excellence,30	 protocols	 addressing	 case	 management	 or	 referral	
	processes,	 or	 other	 structural	 support	 to	 improve	 the	 quality	 of	
intrapartum	care	after	detection	of	abnormal	FHR.
Continuous	 monitoring	 of	 FHR	 has	 been	 associated	 with	 an	
increase	 in	 cesarean	 delivery,	 which	 may	 not	 benefit	 the	 mother.8 
Given	WHO	guidance	cautioning	about	potential	overuse	of	cesarean	
in	 LMIC,31	 any	 quality	 improvement	work	 that	 introduces	 Doppler,	
particularly	 continuous	 monitoring,	 should	 also	 monitor	 potential	
overuse	of	this	intervention.
4.2 | Doppler to improve measurement of facility 
perinatal mortality











ity	 indicator	 is	a	 feasible	and	useful	measurement21,22;	one	study	also	
noted	the	feasibility	of	integrating	the	indicator	into	the	national	health	
information	system.22	Despite	the	small	number	of	studies,	the	findings	




into	 health	 information	management	 systems,	 provider	 acceptance	 of	
the	indicator,	costs	associated	with	scaling	up	Doppler	use,	and	national	
policy-	makers’	understanding	of	the	need	for	the	indicator.
4.3 | Healthcare provider and maternal preference 
for Doppler as a means of FHR monitoring
The	WHO	 considers	maternal	 and	 healthcare	 provider	 preferences	
to	be	key	elements	for	a	positive	childbirth	experience,9	 in	addition	
to	the	importance	of	the	woman	having	informed	choices	regarding	
interventions	 in	 labor.27	 A	 strong	 maternal	 or	 healthcare	 provider	
preference	for	Doppler	over	Pinard	may	be	sufficient	to	justify	inte-
grating	the	device	into	LMIC	intrapartum	care	protocols.	Three	studies	
     |  155Plotkin Et Al.
addressed	healthcare	provider	and	maternal	preference	for	Doppler	
as	 compared	with	 other	 devices	 for	monitoring	 FHR.	 All	 three	 had	







of	 included	 studies.	All	 studies	 that	 examined	 adverse	perinatal	 out-
comes	were	designed	with	perinatal	outcomes	as	a	secondary	outcome	
measure,	and	hence	had	 relatively	 low	power	 to	detect	 these	differ-
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